I
t is widely believed that the primary domesticated crops of the Neolithic-namely, einkorn wheat, emmer wheat, barley, lentil, pea, chick pea, and flax-appeared initially in a core area from which they spread throughout the Middle East (1, 2) . Recent archaeobotanical data, however, indicate that predomestication cultivation of some of these species was carried out autonomously in very early sites of the Near Eastern PPNA (Pre-Pottery Neolithic A; ~11,500 to 10,300 calendar years before present). Moreover, the data also suggest that some of these crops did not develop into fully domesticated species because their cultivation was abandoned by the local populations.
Human domestication of plants can be divided into three stages: "gathering," in which people gathered annual plants from wild stands; "cultivation," in which wild plant genotypes were systematically sown in fields of choice; and "domestication," in which mutant plants with desirable characteristics were raised. Cultivation is the essential stage, as the repetitive cycle of sowing, collecting, and sowing of wild plants gives rise to genotype accumulation that leads to domestication. Given the prevailing view that human selection of domesticated plants was not carried out intentionally, agro-evolution would have to take place over hundreds of years (3) . The novel characteristics distinguishing domesticated from wild plants are by necessity species-specific. In the Neolithic primary domesticates, these include nonarticulating ears and plump grains in the cereals, pods that do not spontaneously release their seeds (indehiscence), and nondormant seeds in the pulses (i. e., peas, beans, lentils, and other legumes).
Archaeobotanical evidence indicates that different Near Eastern communities throughout prehistory cultivated various local species. Some of these early communities abandoned their plants, which represents a local dead end on the road to domestication. Thus, the initiation of agriculture in one place does not imply that the successfully grown plants would be continuously cultivated, an idea commonly recorded in the literature (1) . Consequently, the location of the germ plasm of wild-plant founder stocks genetically associated with a particular fully domesticated plant (1) are, in reality, just the stocks that led ultimately to the domesticated plant. There might indeed have been earlier predomestication efforts-with different wild stocks-that were abandoned by the ancient society.
Two criteria identify cultivation in PPNA archaeobotanical assemblages. The first is the presence of a conspicuous quantity of seeds in greater amounts than would have been yielded Another pivotal step is breakdown in Tolllike receptor discrimination between microbial and self-nucleic acids, which occurs not only in B cells but also in collaborating dendritic cells of the immune system. B cells and plasmacytoid dendritic cells express TLR7 and TLR9, and signaling by these receptors synergizes with either signals from the B cell receptor to activate B cell proliferation (3, 4, 7, 20) or with signals from the receptor for IgG on dendritic cells to activate secretion of the cytokine, interferon-α (13, 21, 22) . When B cells bearing B cell receptors against self-RNA, self-DNA, or associated proteins escape deletion, editing, anergy, as well as the inhibitory effects of FcγRIIB, their B cell receptors not only signal proliferation directly but also efficiently capture and deliver self-RNA or self-DNA to endosomal compartments containing TLR7 or TLR9. The combination of B cell receptor and TLR signals provides a T cell-independent self-stimulus for B cell proliferation and autoantibody secretion. The potential for B cell self-stimulation is magnified by the increased sensitivity to TLR7 activation in B cells caused by the Yaa gene duplication. Interferon-α produced by plasmacytoid dendritic cells also increases B cell expression of TLR7 and its intracellular signaling adaptor, myd88 (23) . Initially, the stimulus for interferon production might be a viral infection, but once IgG autoantibodies to ribonucleoproteins or chromatin have begun to be secreted, these circulating immune complexes will sustain and elevate interferon production by plasmacytoid dendritic cells and in turn promote further B cell activation in a positive-feedback cycle.
Toll-driven pathogenesis of lupus now seems firmly established in mice, but it also explains many clinical mysteries: the induction of lupus by drugs (procainamide) that block CpG DNA methylation or mercury compounds that bind to RNA; the therapeutic effect of chloroquine, which blocks TLR7 and TLR9 signaling; the evidence for robust interferon production in some lupus patients; and the observation that attacks of lupus can be precipitated by single-stranded RNA viral infections such as influenza or by ultraviolet light (which induces cell death and the consequential release of self-RNA and self-DNA). Given the fine line that Toll-like receptors tread between microbial and self-stimulation, it will be important to define mechanisms and regulators of TLR7 and TLR9 signaling. These almost certainly will reveal targets for new drugs to specifically treat lupus and candidate genes whose variation in copy number or sequence, like the TLR7 duplication, push the risk of self-stimulating this pathway over the precipice in different people with lupus.
by harvesting local natural stands of the wild plant (4) . If such an amount exceeds the yield of local wild stands, it eliminates the possibility that the local human community gathered it in the wild. The other criterion is the presence of predomesticated seeds that are mixed with plant seeds that grow as weeds in contemporary fields (5, 6) . This link could only have been established after humans started to manage fields, allowing weed plants to adapt to humaninduced environmental conditions. Therefore, their coexistence indicates sowing rather than collecting of wild stands.
On the basis of these criteria, we have identified several Near Eastern communities that cultivated plants that are among the early PPNA crops, which we term "pioneer crops." Each represents a special course in the transmigration of the wild variety into its domesticated form.
1) Wild barley (Hordeum spontaneum), the progenitor of domesticated barley (H. vulgare). A huge PPNA (~11,400 to 11,200 calendar years before present) granary, containing more than 260,000 wild barley grains combined with some 120,000 wild oat (Avena sterilis) grains, was uncovered in house 11 at Gilgal in the Jordan Valley (7) (see the figure) . The only plausible explanation for such a large stash of seeds would be predomestication cultivation. Our field observations indicate that the local environment around the site does not support the gathering of these quantities without cultivation; no cereals grow in the vast saline deposits to the east of the site, and only moderate amounts can be collected in good years in the wadi-floodplains to the west. Within a few years, permanent settlement would deplete local plant resources by overexploitation. Humans would then have to abandon the site or start cultivating. Indeed, genetic studies have recently determined that barley was domesticated in the Israel-Jordan area (8) . Moreover, a cache of 1000 oat grains was found in the layer just below that of the wild barley granary in house 11 (7) . Taking into account the site's short occupation and that both finds are wild types, we have the first evidence for the rate of change in human mindset from "gathering" in the site's early stage to "cultivation" in the latter. Large quantities of wild barley grains were found also in the adjacent PPNA (~11,300 to 10,900 calendar years before present) site Netiv Hagdud (9) .
In any case, the domesticated form of oats appeared initially in Europe during the second and first millennia B.C.E. (2). Thus, evidence from Gilgal suggests that the early collection or planting of a wild species in one place did not necessarily lead to its domestication, which occurred much later in a faraway region.
2) Rye (Secale cereale), a plant with a temporally and spatially fragmented history of domestication. The first signs of rye management-the appearance of domesticated-like grains but with no tough rachises (the ears'axis)-were found in late Natufian (~12,500 calendar years before present) Abu Hureyra in northern Syria (10) . Domesticated rye grains, along with tough rachises, appeared at PPNB (~8600 calendar years before present) Can Hasan III in southcentral Anatolia. Four millennia later, a granary of pure, plump, domesticated rye grains was established in Bronze Age Alaca Höyük, northcentral Anatolia (2, 11) . Apparently, these three instances of potential and full domestication were local and brief, because present-day rye was independently domesticated in central Europe in the Iron Age (from about the sixth to the first century B.C.E.) (2, 12) .
3) Wild lentil (Lens orientalis), the progenitor of L. culinaris. Two hundred and sixty-seven and 205 seeds of wild lentils were found, respectively, in PPNA (~11,000 calendar years before present) Jerf el Ahmar, Syria, and in Netiv Hagdud (9, 13) . Wild lentil is a low (5 to 25 cm), inconspicuous plant, yielding a meager 10 ± 9 seeds per plant. In addition, it is characterized by 90% seed dormancy-that is, only 10% of the seeds germinate readily after sowing. Lentil domestication includes two stages: loss of dormancy and development of pod indehiscence, each governed by a single mutation (2, 14) . Because of seed dormancy and poor yield, cultivating wild lentil is implausible, as the expected harvest would equal the number of seeds sown (out of 10 sown seeds, 1 germinates and produces 10 seeds). Therefore, only after the seed dormancy-free mutation occurred could lentils be cultivated (14) . If so, these PPNA finds may represent mutant forms that belong to the first stage of lentil domestication.
Moreover, because Jerf el Ahmar lies in the heart of the suggested genetic stock origin of L. orientalis in southeastern Turkey and northern Syria (15), these finds indicate that the first stage of lentil domestication-loss of dormancyoccurred there and quickly spread south to the Jordan Valley. In fact, obsidian objects found at Netiv Hagdud were transported along this wellknown trade route (16) .
The second mutation-and final stage of domestication-is represented by the huge ~1.4 million-seed L. culinaris hoard in PPNB (8800 calendar years before present) Yiftah'el, near Nazareth, Israel, some 600 km southwest of Jerf el Ahmar. Moreover, the domesticated state of the Yiftah'el hoard is enforced by its contamination with fruits of Galium tricornutum, a wellknown weed in present-day lentil fields (4).
The beginning of agriculture is framed by both time and stage of plant domestication. Before the onset of the PPNA (~11,500 calendar years before present), humans were involved in "gathering," and from the PPNB (~10,300 calendar years before present) onward, they cultivated domesticated plants (2) . This frame assigns the progression from wild to domesticated species to the short PPNA, ~1200 years. It also agrees with our data indicating Gilgal's early PPNA transition from "gathering" to "cultivation" and the several hundred years for the "cultivation" to "domestication" process (3) .
Evidence already gathered shows that at least one PPNA pioneer crop, namely lentil, Early grains. Wild oat (Avena sterilis) from a PPNA granary in house 11, Gilgal, Jordan Valley: (left) grain, (middle) fragment of the spiral part of an awn-the specialized, drill-type, dispersal unit of the wild species, and (right) wild barley grain. These finds, representative of 120,000 wild oat and 260,000 wild barley grains at the Gilgal site, indicate that the inhabitants sowed these wild crops and were engaged in predomestication cultivation even in the PPNA. may have been domesticated some hundreds, or even thousands, of kilometers away from the center of its founder-stock germ plasm. Thus, the location of founder germ plasm stocks without supplemental evidence cannot be used for confident reconstruction of the locale of final domestication.
Increasing archaeobotanical evidence indicates that the beginning of agriculture, as well as of crop domestication, was not necessarily a single event but a process of trial and error. For oats and rye, for example, the beginnings of cultivation and subsequent domestication are separated by millennia and great distances. For the Near East, current data suggest that at least three or four species can be considered as early pioneer crops, which predate the seven wellrecognized species of founder crops. Because two of these pioneer species-barley and lentil-belong to the group of founder crops as well, our understanding of the domestication of these species must be revised. In the PPNA, Near Eastern human groups in two regions already possessed and applied agricultural knowledge: In the north, they planted lentil and perhaps rye; and in the south, they raised barley and probably oat, together with imported lentil. Although this early barley and lentil was eventually domesticated in the region, two of the crops raised or gathered there-rye and oatswere abandoned.
The transition to food production in eastern North America shows a notable similarity to the Near East. There, indigenous plantschenopod (Chenopodium berlandieri subsp. jonesianum), marsh elder (Iva annua var. macrocarpa), squash (Cucurbita pepo subsp. ovifera), and sunflower (Helianthus annuus var. macrocarpus)-became domesticants under indigenous group management between 5000 and 4000 years before the present. In contrast, the cereal-like erect knotweed (Polygonum erectum), little barley (Hordeum pusillum), and maygrass (Phalaris caroliniana), though clearly of economic importance as cultivated crops by about 2500 to 2200 years before present, never became morphological domesticates. With the shift to maize-centered agriculture about 900 C.E. and the arrival of the common bean (Phaseolus vulgaris) several centuries later, local eastern crops became less important, and by 1800 C.E., only sunflower and squash were still being grown (17) .
Thus, both in the Near East and early eastern North America, the first stage of agriculture was cultivating annual wild plants; the second stage was cultivating both wild types and domesticants; and the last stage was the cultivation of domesticants alone. Finally, the recent discovery of PPNA fig domestication (18) raises the question of whether, in worldwide locales of agriculture origin, fruit trees were domesticated contemporaneously with the annuals.
